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Demonstration of Innovative Applications
of Technology for the CT-121 FGD Process

Plant Yates

Environmental Monitoring Program Report:
Fourth Quarter and Annual 1996

This progress report summarizes activities associated with the environmental monitoring
program (EMP) during the third and fourth quarters and calendar year of 1996 for the U.S.
Department of Energy’s Innovative Clean Coal Technology project entitled “Demonstration of
Innovative Applications of Technology for the CT-121 FGD Process.” This demonstration
project was conducted at Georgia Power Company’s Plant Yates Unit 1, located near Newnan,
Georgia, until January 1995, when operational responsibility was permanently transferred to
Georgia Power Company from Southern Company Services, Inc., manager of the demonstration

project.

Operational testing was completed in December of 1994 and operation of the scrubber
was turned over to Georgia Power Company. Post-operational-phase monitoring under the EMP
was limited to groundwater monitoring. Post-operational-phase groundwater monitoring began
during the first quarter of 1995 and continued through the fourth quarter of 1996. With the
completion of the two-year post-operational-phase, EMP monitoring has now been completed,
and this 1s the last of the quarterly reports to be submitted under the project.

Reports containing the results of groundwater monitoring conducted during the third and
fourth quarters of 1996 are attached (Attachments A and B, respectively).



Attachment A

Groundwater Monitoring Report for the Third Quarter of 1996
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1.0 Introduction

This report summarizes the results of groundwater monitoring performed during the third
calendar quarter of 1996 as part of the environmental monitoring program (EMP) for the U.S.
Department of Energy's Innovative Clean Coal Technology project entitled “Demonstration of
Innovative Applications of Technology for the CT-121 FGD Process.” This demonstration
project is being conducted at Georgia Power Company's Plant Yates Unit 1, located near

Newnan, Georgia.

1.1  Project Summary

The purpose of this ICCT project is to demonstrate the use of the Chiyoda Thoroughbred-
121 flue gas desulfurization process as a means of reducing SO, and particulate emissions from
pulverized-coal utility boilers that use medium-sulfur coal. This project is also designed to
demonstrate the lower cost and higher reliability of the CT-121 process compared to

conventional wet limestone FGD processes.
The demonstration project at Plant Yates consists of four distinct test periods:

> Period 0: Site Preparation, Construction, and Startup of the Demonstration
Project (including background groundwater monitoring [29 months]);

> Period 1: Baseline Testing at Low Particulate Loading—ESP In Service (12
months);

> Period 2: Testing at High Particulate Loading—ESP Detuned or Out of Service
(12 months); and

» Period 3: Post Demonstration Groundwater Testing and Gypsum Byproduct
Evaluation.

Period 2 ended in December 1994. Groundwater monitoring was initiated in Period 0 and
will continue through 24 months of Period 3.

1.2 Purpose and Scope of Groundwater Monitoring
The CT-121 process produces gypsum, which is being disposed of in an on-site stacking
area where the solids are concentrated as they are allowed to settle, dewater, and dry. The

gypsum and gypsum/fly ash stacking area is lined with a synthetic liner to minimize the potential
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for adverse impacts on the groundwater. Requirements for the liner, leachate collection system,
and groundwater monitoring are specified in the permit issued by the Georgia Department of
Natural Resources (DNR). One requirement is the regular monitoring of groundwater before,
during, and for two years after the demonstration program. The purpose of this monitoring is to
demonstrate that the gypsum stacking area can be operated in an environmentally benign and

acceptable manner.

In 1990, five groundwater monitoring wells were installed in the vicinity of the proposed
gypsum stacking area. These wells were used to monitor baseline groundwater quality prior to
construction of the stacking area. Monitoring was conducted every two months from September
1990 through July 1991. Table 1 is a summary of the parameters that were monitored during this
period. The results of this monitoring activity were summarized in the report “Environmental
Monitoring Program Report of Preconstruction Monitoring: 1990-1991 Background Water
Quality.”

Following the preconstruction monitoring period, and as a DNR permit requirement, two
additional monitoring wells were installed in 1992. The locations of all seven monitoring wells
are shown in Figure 1. Because of a delay in the commencement of Phase 1 testing, an additional
round of pre-operational groundwater monitoring was conducted on September 3-4 and October
14, 1992, The results from this monitoring effort were presented in the report “Interim Data
Report of Pre-operational Groundwater Monitoring: September 3-4 and October 14, 1992.”

Operational-phase groundwater monitoring, performed on a quarterly basis, was initiated
in the fourth quarter of 1992. Monitoring was conducted for the suite of parameters shown in
Table 1. Samples were analyzed each quarter for all parameters shown except for radionuclides,

which are monitored semiannually.

Beginning in the second quarter of 1994, monitoring is also being performed quarterly for
total organic halides (TOX) and annually for volatile organic compounds (VOCs). These
parameters have been added to comply with requirements of the permit issued by the Environ-
mental Protection Division of the Georgia DNR.



Table 1. EMP Groundwater Monitoring Parameters

pH Conductivity Temperature
Eh Alkalinity Total Dissolved Solids
Bromide Chloride Total Organic Carbon
Fluoride Nitrate-Nitrite Sulfate
Trace Elements (Dissolved)
Silver Aluminum Arsenic
Boron Barium Beryllium
Bismuth Calcium Cadmium
Cobalt Copper Chromium
Mercury Iron Potassium
Lithium Magnesium Manganese
Molybdenum Sodium Nickel
Phosphorus Lead Sulfur
Antimony Selenium Silicon
Tin Strontium Tellurium
Titanium Thallium Uranium
Vanadium Tungsten Zinc

Other

Radionuclides
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The post-demonstration groundwater monitoring period began in the first quarter of 1995
and will be conducted over a period of two years for the same parameters and at the same

frequency as during the operational phase.

1.3 Report Contents

This report presents the results of quarterly post-demonstration groundwater monitoring
for the third calendar quarter of 1996. The groundwater monitoring wells were sampled on
September 13-14, 1996.

Section 2 is a brief summary of the groundwater sampling and analytical methods used to
conduct the monitoring. The results of the monitoring are presented in Section 3. Results of
quality assurance/quality control (QA/QC]) activities associated with sample analyses are
summarized in Section 4. Tables of historical data for selected parameters and the results for

field and laboratory duplicates are given in the appendices.
2.0 Sampling and Analytical Methods

This section describes the methods used to obtain and analyze groundwater samples.
These methods were specified in Radian's “Test Plan for Groundwater Monitoring Around the
Plant Yates Gypsum Stacking Area,” August 30, 1990, as amended.

21 Sampling Methods

The QED Well Wizard dedicated sampling system was used to purge the monitoring
wells and collect samples. The Well Wizard system utilizes a dedicated Teflon® bladder pump
and portable gasoline-powered air compressor to extract groundwater samples.

To ensure the collection of a representative sample, standing water was removed from
each well by purging a minimum of three wetted casing volumes. Conductivity, pH, redox
potential, and temperature were monitored and recorded on field sampling forms during purging.
Samples were collected after these indicator parameters stabilized and (1) after at least three
wetted casing volumes of water were removed or (2) immediately following recovery if a well

was purged dry.

Table 2 summarizes the groundwater samples collected during this monitoring period.

Samples were obtained from the upgradient well (GWA-1) and five of the six downgradient
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Tabie 2. Summary of Groundwater Samples Collected
at Plant Yates on September 13-14, 1996

Well ID Sample ID Analyses

GWA-1 GWA-1-23-1 Anions, TOC, TOX, and Metals

GWC-] GWC-1-23-1 Anions, TOC, TOX, Metals, and Radionuclides

GWC-2 GWC-2-23-1 Anions, TOC, TOX, Metals, Radionuclides, and VOCs

GWC-3 GWC-3-23-1 Anions, TOC, TOX, Metals, Radionuclides, and VOCs
GWC-3-23-2 Duplicate for Radionuclides only

GWC-4 GWC-4-23-1 Anions, TOC, TOX, Metals, and Radionuclides
GWC(C-4-23-2 Duplicate for Anions, TOC, TOX, and Metals

GWC-§ GWC-5-23-1 Anions, TOC, TOX, Metals, and Radionuclides

GWC-6 None Well dry; no samples collected

wells (GWC-1, GWC-2, GWC-3, GWC-4, and GWC-5). As has been the case during all
previous rounds of monitoring, no samples were collected from side-gradient well GWC-6 since
this well was dry. A Sample for radionuclides analyses was not obtained from well GWA-1
because of insufficient groundwater volume. Duplicate samples were collected from wells GWC-
3 (for radionuclides) and GWC-4 (for all other analytes). The radionuclides duplicate sample was
collected at well GWC-3 because sample filtration was excessively slow at well GWC-4 for the
large sample volumes required for radionuclides analysis. Because several volatile organic
compounds, including benzene, toluene, ethylbenzene, and xylenes were detected in samples
from wells GWC-2 and GWC-3, aliquots were collected again this quarter from these wells for
VOC analysis.

To preserve the integrity of the groundwater samples before analyses, proper sample
container, preservation, holding time duration, shipment, and chain-of-custody procedures were
followed. Sample bottles, preservation methods, and maximum holding times are summarized in
Table 3.

2.2  Analytical Procedures

The analytical methods used in this program are listed in Table 4. There were no
deviations from these methods. Because the conductivity sensor for the field meter was not
functioning, conductivities were measured using an instrument in the Plant Yates scrubber

laboratory. Unpreserved sample aliquots were used for this purpose.

6




121214 219w Jo way)D-| Jayia Aq parjddns sisureuod ajdueg

Z>Hd
EONH 11 x21[n

RUILIEL) SSOI0)
‘Blag ssoln) ‘eydjy ssoin

I3

081 UG UQ pamdIfig 87T wnipey ‘ggg wnipey onseld 1-1 (£) Ayyanoeolpey
Z>Hd
YONH II X211
081 AUS UQ pasanig S[elay del] JUse[d 171 s[erN
vl Z>Hd 1DH $INUEFIQ ANRIOA S[BIA VOA Tw-0F (2) SOOA
asedspeay

8T Z>Hd "OS°H suaBo[eH owedIQ [elo], U ‘sSe[D) JaquIy TW-0$T X0l
( L Do ¥ SPIIOS PaA0sSI(] [210L

87 Do ¥ AeYng

8¢ Do ¥ ADIN-EHIN

8¢ Do ¥ apuon|]

8T Do ¥ JpUO[YD

8¢ I 4 sptuworg nseld 11 Slssuciuy

87 7>Hd *OS°H uoqie) 3uedIQ (e, SSe|D) Joquiy TW-00S uoqie)) suedi(y [RI0L

(sAep) aun], POYIIIA] UDHIEALISAL] FESELTATE] « SIXUTEIUG)) [3qe1 2104

SuipjoH Wnuxe

sawil] BuipjoH wnuwixep pue ‘poylajy UOIIBAISSAI4 ‘siaulejuo) ajdwesg "¢ a|qel




Table 4. Analytical Methods

Parameter Techpigue Reference
pH Potentiometry EPA 150.1
Conductivity Specific Conductance EPA 120.1
Temperature Temperature Probe EPA 170.1
Eh Electrometry ASTM D498
Alkalinity Titrimetric or Colorimetric EPA 310.1 or 310.2
Bromide lon Chromatography EPA 300
Chloride Ion Chromatography EPA 300
Total Organic Carbon Combustion/IR EPA 415.1

TOX

Carbon Adsorption/Combustion/
Electrolytic Titration

SW-846 Method 9020A

VOCs GC/MS SW-846 Method 8260
Fluoride SIE EPA 340.2
Nitrate/Nitrite Colorimetry EPA 353.1

Sulfate lon Chromatography EPA 300

Total Dissolved Solids Filtration/Evaporation/Gravimetry EPA 160.2

Mercury On-site Filtration/Cold Vapor AA EPA 245.1

Trace Elements

On-site Filtration/A A and ICP-AES

EPA 200.7, 7421 (Cr), 7060
(As), 7421 (Pb), 7041 (Sb), 7740
(Se), and 7841 (TI)

Radium 226 and 228 Proportional Counter ASTM D2460
Gross Alpha Proportional Counter ASTM D1543
Gross Beta Proportional Counter ASTM D1890
Gross Gamma Gamma Ray Spectrometer ASTM D2459

Legend:

AA = Atomic absorption spectrophotometry;
SIE = Specific ion electrode;
ICP-AES = Inductively coupled plasma-atomic emission spectrometry; and
IR = Infrared detection.
GC/MS = Gas Chromatography/Mass Spectroscopy

References:
EPA "Methods for Chemical Analysis of Water and Wastes," EPA-600/4-79-020, revised March 1983.

ASTM = American Society for Testing and Material, Annual Book of ASTM Standards.
SW-846 "Test Methods for Evaluating Solid Waste," SW-846, 3rd Ed., November 1986,



3.0 Summary of Results

The results of the third-quarter 1996 groundwater monitoring are presented in Table 5.
The concentrations of all of the monitored dissolved constituents in the groundwater near the

gypsum stacking area continue to be low.

To help determine whether the material in the gypsum stacking area is having an impact
on groundwater quality, the monitoring data for a selected number of representative species from
all of the monitoring rounds conducted to date were tabulated and examined. The representative
species selected are those present in appreciable concentrations in the gypsum slurry, including
the major cations and anions (i.e., calcium, magnesium, chloride, and sulfate), as well as several
other indicator parameters such as pH, TDS, conductivity, and alkalinity. The complete set of
historical data for these species is provided in Appendix A. Examples of concentration-versus-
time plots for several species are provided in Figures 2 through 4. Data are presented for the
upgradient well, GWA-1, and two downgradient wells, GWC-2 and GWC-4. The locations of
these wells were shown previously in Figure 1. As has been the case since monitoring began,

samples were not obtained from downgradient well GWC-6.

The concentrations of chloride, magnesium, and calcium in the water from downgradient
well GWC-4 were similar to those found during the previous quarter’s monitoring, but are
significantly higher than those measured during the preoperational period. A generally upward
trend in the concentrations of these gypsum constituents was first noticed in the fourth quarter of
1993. There have been no significant increases in the levels of these species in either the

upgradient well or the other downgradient wells.

The source(s) of the higher levels of gypsum constituents in well GWC-4 is (are) not
clearly apparent. However, there are several potential sources, and three of the more plausible are
briefly described below:

» A breach of the dike surrounding the gypsum pond occurred on July 24, 1993,
This breach happened in the vicinity of well GWC-4. Since the increase in the
levels of chloride, magnesium, and calcium in GWC-4 was first noticed in the
fourth quarter of 1993, it seemed likely that the increase was the result of the dike
breach. The validity of this assumption appeared to be reinforced in the first
quarter of 1995, when the levels of the three species declined in GWC-4. Such a
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decline would be expected as the amount of spilled material remaining in the soil
diminished due to gradual downward migration in the soil. However, no further
decrease in the GWC-4 concentrations occurred over the following three quarters
of 1995. In fact, further increases in the levels of chloride, magnesium, and
calcium were noted in the first and second quarters of 1996. These concentrations
leveled off during the current quarter. Although this behavior could still be due to
the 1993 breach (e.g., due to changes in rainfall patterns and/or acidity of the rain
could cause higher migration rates and/or increased leaching of the soil), other
factors could be contributing to or causing higher levels of gypsum constituents in
the groundwater in the vicinity of GWC-4.

> The groundwater sampling team has noticed that there appear to have been
periodic leaks from a slurry pump and associated valves and fittings that are in
close proximity (i.e., within 30-40 feet) to GWC-4. Slurry has periodically leaked
onto the ground and flowed across the soil surface to form small pools within 10-
15 feet of GWC-4. This material could be the source of at least some of the
increased levels of chloride, magnesium, and calcium observed during the first
three quarters of 1996 monitoring.

> The possibility that the increased levels of the gypsum slurry constituents in
GWC(C-4 could be caused by a leak in the liner under the gypsum stacking arca
cannot be discounted. There is no indication of leakage in the monitoring results
from the other wells, but this does not preclude the presence of a liner leak at a
location immediately upgradient from GWC-4.

At this time, it is not possible to determine which, if any, of the possible causes described
above is contributing the bulk of the chloride, etc., being seen in GWC-4. Some clarification may
be forthcoming as more results of the continuing groundwater monitoring activities become

available.

Because several volatile organic compounds were detected in some of the groundwater
samples during last quarter’s monitoring, samples from GWC-2 and GWC-3 were analyzed for
VOCs again this quarter. This time, extra care was taken in handling the samples to assure that
they were not contaminated with organics from other sources (e.g., gasoline fumes from the Well
Wizard pump). No VOCs were found above the method detection limits in the samples from
either well. It is likely that the VOCs found during last quarter’s monitoring were present due to
sample contamination.
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4.0 Summary of QA/QC Activities

A number of QA/QC activities are being performed, as specified in the project's EMP, to

assure that the data obtained meet project objectives. These include the following:

> Groundwater samples were split for independent analysis by a laboratory selected
by SCS.
» Established sampling and analytical methods were specified and used. All

samples were analyzed within the specified holding times, as outlined in Section
2. There were no deviations from the specified methods during this quarter's
monitoring effort.

» Chain-of-custody procedures established in the test plan for this project were
observed.
> In the laboratory, method blanks, control samples, and matrix spikes were

analyzed in conjunction with the sample analyses, following recognized good
laboratory practice. Specified recovery limits (typically 80 to 120%) were met for
all analytes in the laboratory control samples. Recoveries were low in one of two
matrix spike samples for silicon (74%), boron (72%), and magnesium (74%); in
the other matrix spike sample for these species, recoveries close to 100% were
obtained. For TOX, the matrix spike recoveries were low in both samples (67%
and 71%). The results for these analytes, especially TOX, may be somewhat
suspect.

> Duplicate samples were obtained in the field and analyzed for all parameters.
Replicate analyses were performed for a smaller number of parameters.

The results of the analysis of field and laboratory duplicates are summarized in Table 6
for those parameters measured above the detection limit in at least one sample. Complete results
are provided in Appendix B. Differences in the duplicate analyses results were small for most
species (i.e., less than 10-20%). Unusually large differences between sample duplicates were
obtained for chromium, nickel, lead, and tin. For these species, the measured concentrations were
all near the detection limit, where less accurate results can be expected. The results of the

duplicate analyses performed for TDS and TOX were within specified quality limits.
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Table 6. Results for Duplicate Samples—Third Quarter 1996

Field Duplicate
Sample Duplicate Analysis Spec.
Parameter Units | GWC-4-23-1 | GWC-4-23-2 | % Diff.* | GWC-4-23-2 | % RPD" | Limit

Total Dissolved Solids | mg/L 229¢ 261° 14.0 271¢ 3.8 15
Bromide mg/L 0.737 0.808 9.6

Chloride mg/L 95.5 107 12.0

Fluoride mg/L 0.0352¢ 0.035¢ -0.6

Sulfate mg/L 3.21 3.25 1.2

Total Organic Carbon | mg/L 1.25 1.03 -17.6

Nitrate-Nitrite as N mg/L 2.02 22 8.9

Total Organic Halides | pg/L 50.8¢ 60.6° 19.3 544 12.3 20
Silver mg/L | 0.000880¢ <0.000501 NC

Aluminum mg/L. 0.0708°¢ 0.072 1.7

Boron mg/L 1.68 2.03 2.5

Barium mg/L 0.0626 0.0639 2.1

Beryllium mg/L 0.00107° 0.00115¢ 1.5

Calcium mg/L 10.6° 11.0° 38

Cobalt mg/L 0.00381 0.00411 7.9

Chromium mg/L | 0.00044° 0.00078° 77.3

Potassium mg/L 0.716° 0.730¢ 20

Magnesium mg/L 29 30 3.4

Manganese mg/L 0.475 0.486 23

Sodium mg/L 9.64 9.85 2.2

Nickel mg/L | 0.001311 0.00173¢ 32.1

Phosphorus mg/L | 0008544 0.0070¢ -18.0

Lead mg/L 0.0041° 0.00248* -39.5

Sulfur mg/L 1.38 1.40 14

Antimony mg/L | <0.000919 0.00263 ¢ NC

Selenium mg/L | 0.00183° 0.00181° -1.1

Silicon mg/L ft.] 11.3 1.8

Tin mg/l. | 0.00213%¢ | 0.00145°¢ -319

Strontium mg/L. 0.0809 0.0828 23

Titanium mg/L 0.00036* 0.00028¢ -22.2

Uranium mg/L 0.105°¢ 0.128¢ 219

Tungsten mgl § 0.00334° <0.00183 NC

294 Difference = (GWC-4-23-2 - GW(C-4-23-1)/GWC-4-23-1 x 100%.

PRPD = Relative Percent Difference, defined as folfows:
RPD = (Larger Value - Smaller Value) x 100%.

(Larger Value + Smaller Value)/2

¢ Detected in the method blank.

¢ Value is less than five times the detection limit; results are expected to be less accurate as concentrations approach

the detection limit,

NC = Not computed.
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Appendix A

Historical Monitoring Data for Selected Parameters
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Table A-1. Historical Monitoring Data for Selected Parameters

BRaseline Monitoring

Round 1 Round 2 Round 3 Round 4 Round 5 Round 6 Round 7 Round 8
Parameter & Sep 90 2 Nov 90 8-9 Jan 91 11 Mar 91 8 May 91 -2 Jul 91 3-4 Sep 92 | 29-30 Dec 92
Well: GWA-1 (Formerly CW-1)
pH 586 6.27 5.6 6.7 6.05 594 6.4 5.7
Conductivity 98 114 P2 121 104 85 116 101
Alkalinity 15.6 223 258 271 25 164 154 227
TDS 94 87 86 84 90 77 99 110
Chloride 73 74 59 4.6 38 82 1.9 2.1
Sulfate 45 8.5 83 11 17 37 17 26
Calcium 6.2 1.6 7.7 7 7.5 53 79 8.1
Magnesium 34 49 4.8 4.6 5.1 35 56 6.0
Sodium 42 48 49 43 44 3.8 4.1 4.2
Silicon 98 11 14 16 17 9.6 15 17
Round 9 Round 10 Round 11 Round 12 Round 13 Round 14 Round 15 Round 16
Parameter | 30-31 Mar 83 | 21Jun93 | 23-24 Sep 93 SJan 94 |22-23Mar94}21-22Jun94 | 31 Aug94 | 20-21 Dec 94
Weil: GWA-I (Formerly CW-[) (Confinued} )
pH 6.82 6.1 59 NS NS§ NS NS NS
Conductivity 128 100 119 NS NS§ NS NS NS
Alkalinity 28 27 248 NS NS§ NS NS NS
DS 110 116 99 NS NS NS NS NS
Chioride 21 2.1 1.9 NS NS NS NS NS
Sulfate 30 20 28 NS NS NS NS NS
Calcivm 4.1 8.0 83 NS NS NS NS NS
Magnesium 29 5.8 59 NS NS NS NS NS
Sodium 4.0 4.4 43 NS NS§ NS NS NS
Silicon 11 18 17 NS NS§ NS NS NS
Round 17 Round 18 Round 19 Round 20 Round 21 Round 22 Round 23
Parameter | 28-29 Mar 95 {i3-14 Jun 95| 11-12 Sep 95 [12-13 Dec 95{ 18-19 Mar 96 | 26-21 Jun 96 | 13-14 Sep 96
Well: GWA-1 (Formerly CW-1) (Continued)
pH NS 6.31 6.38 6.08 NM 6.14 6.54
Conductivity NS 116 165 118 NM i16 58
Alkalinity NS 286 23 NM NM NM 278
TDS NS 108 114 93 113 105 88
Chloride NS 2.10 2.27 1.94 2.26 33 3.65
Sulfate NS 183 244 308 327 12 9.34
Cafcium NS 6.98 847 9.2l 10.4 g.03 746
Magnesium NS 547 6.30 6.51 6.87 5.16 4.80
Sodium NS 429 4.53 350 4.65 434 4.16
Silicon NS 16.6 17.6 13.2 143 16.8 16.2




Table A-1 {Continued)

Baseline Monitoring

Round 1 Round 2 Round 3 Round 4 Round 3 Round 6 Round 7 Round 8§
Parameter 6 Sep 90 2 Nov 90 8-9 Jan 91 11 Mar 91 § May 91 1-2 Jul 91 3-4 Sep 92 | 29-30 Dec 92
Well: GWC-1 (Formerly CW-2)
pH 6.09 5.79 5.62 563 6.04 5.96 6.1 4.5
Conductivity 81 70 72 63 63 66 78 57
Alkalinity 21.7 229 244 22.1 205 25.8 27.8 233
TDS 81 51 59 52 48 64 64 68
Chioride 35 23 3.1 34 28 25 25 2.6
Suifate 7.6 5 2.8 <0.05 1.2 1.5 32 33
Calcium 39 6 3.8 32 34 36 43 4.0
Magnesium 23 2.5 28 22 24 25 32 3.0
Sodium 59 52 43 4.1 4.2 4.1 4.0 4.0
Silicon 9 9 g2 11 11 11 11 12
Round 9 Round 10 Round 11 Round 12 Round 13 Round 14 Round 15 Round 16
Parameter | 30-31 Mar 93 | 21Jun 93 | 23-24 Sep 93 SJan 94 | 22-23Mar 94} 21-22Jun 94| 31 Aug 94 | 20-21 Dec 94
Well: GWC-1 (Formerly CW-2) (Continued)
pH 5.83 6.0 6.0 6.1 5.89 591 6.09 6.09
Conductivity 67 57 61 74 61 60 68 76
Alkalinity 225 241 27.3 209 25 30.1 25 22
TDS 43 74 70 22 66 56 64 46
Chloride 26 2.6 25 35 243 2.77 2.71 2.68
Sulfate 22 2.5 26 33 1.75 1.77 1.64 1.19
Calcium 88 4.1 4.1 5.1 4.72 4.65 5.00 4.50
Magnesium 6.2 29 30 37 3.14 3.39 370 333
Sodium 42 4.0 38 43 412 4.16 432 410
Silican 16 12 12 12.7 1.9 11.9 1.8 10.9
ﬁﬁ*ﬁﬁﬁw*ﬁn T
Parameter | 28-29 Mar 95 113-14 Jun 95| 11-12 Sep 95 |[12-13 Dec 95| 18-19 Mar 96| 20-21 Jun 96 | 13-14 Sep 96
Well: GWC-1 {(Formerly CW-2) (Continued)
pH 6.05 570 6.00 5.92 6.04 5.84 596
Conductivity 7 66 79 82 86 83 75
Alkalinity 29.1 31.0 31 312 242 35 322
TDS 63 72 58 49 7i 63 81
Chloride 2.64 2.76 2.77 245 220 247 2.57
Sulfate 123 1.10 1.06 <0.0491 1.06 <D.154 0.69
Calcium 5.30 5.12 5.12 5.86 5.91 5.62 5.85
Magnesium 365 3.83 3.80 423 411 3.68 3.80
Sodium 4.21 415 4.28 4.44 438 3.88 4.04
Silicon 10.9 11.8 12.3 10.0 11.6 11 11.8
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Table A-1 (Continued)

Baseline Monitoring

Round 1 Round 2 Round 3 Round 4 Round 5 Round 6 Round 7 Round §
Parameter 6 Sep 90 2 Nov 90 8-9 Jan 91 11 Mar 91 8 May 91 1-2 Jul 91 3-4 8ep 92 | 29-30 Dec 92
Well: GWC-2 (Formerly CW-3)
pH 5.64 5.6 5.04 5.5 4.97 5.65 3.5 4.6
Conductivity 76 69 64 66 33 7 66 56
Alkalinity 235 193 15.2 169 122 17.5 18.2 17.3
TDS 76 50 55 55 63 65 79 71
Chloride 43 5.2 6.9 6.2 5 53 30 34
Sulfate 6.4 5.5 63 59 5.8 6.3 6.5 7.6
Calcium 4.4 28 23 2 2 1.7 i4 1.6
Magnesium 1.6 1.5 1.6 1.7 1.8 1.9 1.9 2.1
Sodium 7.3 74 6.9 7 7.5 7.6 7.5 7.4
Silicon 10 10 93 12 1} il 1 13
Round 9 Round 10 Round 11 Round 12 Round 13 Round 14 Round 15 Round 16
Parameter | 30-31 Mar 93 | 21 Jun93 | 23-24 Sep 93 SJan94 |212-23Mar94]21-22Jun94| 31Aug94 } 20-21 Dec 94
Well: GWC-2 (Formerly CW-3) (Continued) T
llpH 529 54 5.6 575 55 572 5.63 534
Conductivity 67 56 49 33 57 59 60 66
Alkalinity 12.5 14.1 159 15.7 14 162 7.0 6.9
TDS 68 77 60 27 76 58 60 65
Chloride 40 4.5 35 3.8 37 3.79 192 4.00
Sulfate 1.9 7.5 1.7 578 597 5.95 6.73 578
Calcium 1,7 1.6 1.9 2.0 2.19 2.05 2.11 1.89
Magnesium 21 1.9 20 1.8 1.92 1.93 2.03 1.87
Sodium 7.5 6.7 6.8 7.0 7.15 7.09 117 6.96
Silicon 12.0 11 13 129 133 13.0 129 122
Round 17 Round 18 Round 19 Round 20 Round 21 Round 22 Round 23
Parameter | 28-29 Mar 95 [13-14 Jun 95] 11-12 Sep 95 [12-13 Dec 95{ 18-19 Mar 96 20-21 Jun 96 | 13-14 Sep %6
Well: GWC-2 (Formerly CW-3) (Continued)
pH 5.53 5.39 541 545 5.79 5.48 5.50
Conductivity 65 65 67.5 67 66 59 62
Alkalinity 133 14.3 13.5 13.0 NM 15 17.4
TDS 63 64 54 53 69 73 82
Chloride 3.81 397 383 391 3.79 393 4.04
Sulfate 4,98 433 390 368 4.11 452 3.66
Calcium 223 2.08 2.1 2.4} 237 2.46 2.70
Magnesium 1.88 1.92 1.88 1.96 1.92 198 1.96
Sodium 6.79 6.85 6.94 T 7.04 6.6 7.16
Silicon 12.2 13.4 13.5 12.9 13.7 13.4 13.8
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Table A-1 {Continued)

Baseline Monitoring

Round 1 Round 2 Round 3 Round 4 Round § Round 6 Round 7 Round 8
Parameter 6 Sep H0 2 Nov 90 8-9 Jan 91 11 Mar 91 8 May 91 1-2 Jul 91 3-4 Sep 92 1 29-30 Dec 32
Well: GWC-3 (Formerly CW-4}
pH 54 5.15 4.8 4.73 6.19 5.08 525 38
Conductivity 40 35 30 34 32 35 32 27
Alkabinity 115 15.2 9.9 11 7 113 10.0 8.9
TDS 50 35 31 34 39 41 28 37
Chloride 3 2.8 32 34 31 31 20 23
Sulfate 26 21 <0.05 <0.05 09 1.5 1.7 2.6
Calcium | <l.0 <1.0 <].0 <1.0 <t.0 <1.0 <1.0
Magnesium 1 <1.0 <i.0 <1.0 <1.0 <1.0 <1.0 <1.0
Sodium 44 45 43 4.1 4.6 43 4.1 4.0
Silicon 8 7.8 39 85 8.6 £3 83 93
Round 9 Round 10 Round 11 Round 12 Round 13 Round 14 Round 15 Round 16
Parameter | 30-31 Mar 93 | 21 Jun93 | 23-24 Sep 93 SJan94 |22-23Mar 94| 21-22 Jun 94| 31 Aug94 | 20-21 Dec 94
Well: GWC-3 (Formerly CW-4) N
pH 523 52 53 55 518 5.43 5.41 5.06
Conductivity 33 27 yal 22 28 29 30 36
Alkalinity 7.0 8.5 9.1 93 75 85 77 4.8
TDS 44 52 21 <87 42 36 39 30
Chloride 27 29 28 28 277 2.76 291 3.02
Sutfate 1.6 <2.5 <25 <0.06 1.38 1.52 <0.0471 1.01
Calcium <1.0 <10 <1.0 <1.0 0.392 0321 0.328 0.335
Magnesium <1.0 <1.0 <].0 <1.0 0.962 0.935 1.00 1.02
Sodium 4.1 39 3.8 4.1 435 4,14 4.17 434
Silicon 20 8.7 9.2 9.7 101 2.16 2.15 8.94
Round 17 Round 18 Round 19 Round 20 Round 21 Round 22 Round 23
Parameter | 28-29 Mar 95 |13-14 Jun 95| 11-12 Sep 95 |12-13 Dec 95| 18-19 Mayr 96| 20-21 Jun 96 | 13-14 Sep 96
Well: GWC-3 (Formerly CW-4)
pH 510 510 5.02 5.27 5.25 5.08 519
Conductivity 36 37 45 39 42 41 38
Alkalinity 8.6 8.5 9.0 9.1 7.4 92 97
TDS 44 52 37 36 49 49 56
Chloride 3.15 313 3.64 352 346 3.83 431
Sulfate <0.0471 0.968 0.595 0.233 <0.0491 0.192 1.49
Calcium 0.441 0.314 0.389 0.436 0.361 0.433 0.505
Magnesium 1.10 1.08 1.21 1.26 1.11 1.32 141
Sodium 438 447 4.83 5.14 514 4.89 5.36
Silicon 8.97 8.90 9.94 5.18 9.48 9.63 10.1
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Table A-1 (Continued)

Baseline Monitoring
Round 1 Round 2 Round 3 Round 4 Round § Round 6 Round 7 Round 8

Parameter 6 Sep %0 2 Nov 90 8-9 Jan 91 11 Mar 91 § May 91 1-2 Jul 91 3-4 Sep 92 | 29-30 Dec 92
Well: GWC-4 (Formerly CW.5}
pH 5.34 4.97 4.8 46 5.03 54 5.05 39
Conductivity 62 62 66 72 54 0 72 58
Alkalinity 12.5 133 131 15.1 86 14.2 185 8.0
TDS 61 52 60 51 58 64 61 65
Chloride 5 42 5 5.6 45 5.2 il 34
Sulfate 22 46 8 6.8 7.1 58 53 5.5
Calcium 13 <i.0 <10 1.3 1.6 1.2 <1.0 <1.0
Magnesium 2.5 25 31 s 39 3.7 33 32
Sodium 54 58 53 5.1 5 52 4.8 49
Silicon 9.9 9.1 4.7 9.7 9.2 10 8.6 9.5

Round 9 Round 10 Round 11 Round 12 Round 13 Round 14 Round 15 Round 16

Parameter | 30-31 Mar93 | 21 Jun93 | 23-24 Sep 93 SJan94 12223 Mar 94] 21-22Jun 94 | 31 Aug 94 | 20-21 Dec 94
Well: GWC-4 (Formerly CW-5) (Continued)
pH 5.04 52 52 5.2 498 52 5.10 492
Conductivity 64 52 54 63 72 81 108 188
Alkalinity 6.0 6.9 7.0 9.2 5.0 10.3 5.0 38
TDS 63 55 44 20 64 75 93 110
Chloride 36 36 38 6.7 113 13.5 208 397
Sulfate 5.0 59 4.9 44 4.64 4.50 4.83 4.34
Calcium 1.0 <1.0 <}.0 13 1.81 1.62 273 4.04
Magnesium 32 27 29 37 5.05 498 7.32 11.0
Sodium 4.7 4.4 4.4 5.0 5.33 4.87 5.80 7.86
Sificon 87 83 93 98 9491 918 9.91 10.1

Round 17 Round 18 Round 19 Round 20 Round 21 Round 22 Round 23

Parameter | 28-29 Mar 95 |13-14 Jun 95| 11-12 Sep 95 | 12-13 Dec 95] 18-19 Mar 96| 20-21 Jun 96 | 13-14 Sep 96
Well: GWCH4 (Formerly CW-5) (Continued)
pH 5.10 493 4.79 489 498 4.71 494
Conductivity 163 148 i80 196 288 412 330
Alkalinity 9.0 4.6 4.5 4.2 5.6 69 6.8
TDS 113 132 123 107 175 266 229
Chloride 34.1 39.1 375 40.5 66 106 95.5
Sulfate 4.18 391 3.03 3.21 4.18 433 3.2
Calcium 32 3.89 3.03 3.99 7.10 10.5 10.6
Magnesium 102 12.5 10.0 12.6 19.1 302 29,0
Sodium 7.63 861 8.42 8.00 9.36 9.95 9.64
Silicon 9.36 10.0 10.4 1.4 =£8 _ 10.3 11.1




Table A-1 (Continued)

Baseline Monitoring

Round 1 Round 2 Round 3 Raund 4 Round § Round 6 Round 7 Round 8
Parameter 6 Sep 90 2 Nov 0 8-9 Jan 91 11 Mar 91 8 May 91 1-2 Jul 91 3-4 Sep 92 | 29-30 Dec 92
Well: GWC-5
pH 5.6 44
Conductivity 6i 60
Alkalinity 14.8 13.5
TDS 91 86
Chloride 1.8 26
Sulfate 88 10
Caicium 2.1 27
Magnesium 1.9 23
Sodium 6.0 6.2
Silicon 12 14
Round ¢ Round 10 Round 11 Round 12 Round 13 Round 14 Round 15 Round 16
Parameter | 30-31 Mar 93 | 21 Jun93 { 23.24 Sep §3 SJan94 |22-23Mar 94| 21-22 Jun94 | 31 Aug 94 | 20-21 Dec 94
Well: GWC-5 (Continued)
pH 6.13 54 56 7.0 5.38 542 5.53 5.57
Conductivity 54 41 40 39 43 45 43 47
Alkalinity [2.5 102 1.5 10.3 8.6 10.8 13.0 i1.2
TDS 67 56 50 29 53 61 6l 45
Chloride 27 29 25 26 2.34 248 2.67 2.70
Sulfate 74 6.7 5.5 53 6.56 7.65 6.68 5.75
Calcium 22 1.6 1.4 1.3 1.65 1.38 1.26 1.20
Magnesium 1.8 1.5 1.4 1.3 1.6 1.55 1.46 1.32
Sodium 5.7 5.5 52 5.5 5.74 5.77 538 5.43
Silicon 13 12 12 11.4 11.8 113 10.5 10.3
Round 17 Round 18 Round 19 Round 20 Round 21 Round 22 Round 23
Parameter | 28-29 Mar 95 113-14 Jun 95| 11-12 Sep 95 |12-13 Dec 95 gﬂl\flar 96| 20-21 Jun 96 | 13-14 Sep %6
Well: GWC-5 (Continued)
pH 5.52 5.60 5.20 528 5.54 5.24 5.39
Conductivity 30 52 60 53 67 64 64
Alkalinity 9.5 8.5 1.0 9.1 4.7 10.6 10.1
TDS 50 64 64 45 72 76 66
Chloride 2.54 2.62 2.70 293 2.78 298 3.00
Sulfate 6.45 6.64 6.80 7.20 133 9.87 7.82
Calcium 1.51 1.31 1.48 1.97 2.28 1.96 1.90
Magnesium [.59 [.73 1.78 6.02 2.65 2.36 2.06
Sedivm 534 5.54 6.12 5.82 643 5.82 5.96
Silicon [10.3 1.1 [1.5 16.2 [1.3 11.3 1.1
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Table B-1. Results for Duplicate Samples—Third Quarter 1996

~ Field Duplicate

Sample Duplicate Analysis Spec.
: Parameter Units JCWC-4-23-1*|GWC-4-23-2*] % Diff.° | GWC-4-23-2 | % RPD° | Limit
Total Dissolved Solids | mg/L 229¢ 2614 14.0 271¢ 3.8 15
Bromide mg/L 0.737 0.808 9.6
Chloride mg/L 95.5 107 12.0
Flueride mg/L 0.0352°¢ 0.0354 0.6
Sulfate mg/L 3.21 325 1.2
Total Organic Carbon | mg/L 1.25 1.03 -17.6
Nitrate-Nitrite as N mg/L 2.02 2.2 8.9
Total Organic Halides | ug/L 50.8°¢ 60.6° 19.3 54¢ 12.3 20
Gross alpha pCi/L <12 <1.4 N/C
Gross beta pCi/LL <4.0 <4.8 N/C
Pb-214 pCl/L | 947727 | 549472 N/C
Ac-228 pCi/L | 493118 | -247+6.19 N/C
Bi-214 pCi/L. | 8.65+7.56 | 589+5.06 N/C
K-40 pCi/L | -48.51452 | -53.9+25.6 N/C
Ra-226 pCi/L |0.480 = 0.542 <0.180 N/C
Ra-228 pCi/L <0.470 <0.430 N/C
Silver mg/L | 0.000880° <(.000501 NC
Aluminum mg/L 0.0708¢ 0.072 1.7
Arsenic mg/L | <0.000887 <0.000887 NC
Boron mg/L 1.98 2.03 25
Barium mg/L 0.0626 0.0639 2.1
Beryllium mg/L | 0.00107¢ 0.00115¢ 1.5
Rismuth mg/L <0.00271 <0.00271 NC
Calcium mg/L 10.64 11.0¢ 3.8
Cadmium mg/L | <0.000156 <0.000156 NC
Caobalt mg/L 0.00381 0.00411 7.9
Copper mg/L <0.00136 <0.00136 NC
Chromium mg/L 0.00044 0.06078° 713
Mercury mg/L | <0.000039 <0.00003% NC
Iron mg/L <0.0135 <0.0135 NC
Potassium mg/L 0.716° 0.730¢ 2.0
Magnesium mg/L 20 30 34
Manganese mg/L 0.475 0.486 23
Molybdenum mgL | <0.000705 <0.000705 NC
Sodium mg/L 9.64 9.85 2.2
Nickel mg/L 0.00131° 0.00173°¢ 32.1
Phosphorus mg/L 0.00854° 0.0070°¢ -18.0
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Table B-1 (Continued)

— Field “Duplicate
Sample Duplicate Analysis Spec.
Parameter Units |{GWC-4-23-1*IGWC-4-23-2*] % Diff.® | GWC-4-23-2 | % RPD“ | Limi
fLead mg/ll | 0.0041° | 000248 | -39.5
Sulfur mg/L 1.38 1.40 1.4
Antimony mg/L | <0.000919 0.00263° NC
Selenium mg/L 0.00183° 0.00181°¢ -1.]
Silicon mg/L 11.1 11.3 1.8
Tin mg/l. | 0.00213% | 0.00145% -31.9
Strontium mg/L 0.0809 0.0828 23
Tellurium mg/L <0.00170 <0.00170 NC
Titanium mg/L 0.00036° 0.00028° -22.2
Thallium mg/L <0.00168 <0.00168 NC
Uranium mg/L 0.105¢ 0.128°¢ 21.9
Vanadium mg/L | <0.000681 <0.000681 NC
Tungsten mg/L, 0.00334¢ <0.00183 NC
Zinc me/L <(.00309 <(.00309 NC

* Duplicates for radionuclides were GWC-3-23-1 and GWC-3-23-2,
%94 Difference = (GWC-4-23-2 - GWC-4-23-1)/GWC-4-23-1 x 100%.
¢RPD = Relative Percent Difference, defined as follows:

Larger Value - Smailer Val x 100%.
(Larger Value + Smaller Value)/2

4 Detected in the method blank.

*Value is less than five times the detection limit; results are expected to be less accurate as concentrations approach
the detection limit.

NC = Not computed.
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1.0 Introduction

This report summarizes the results of groundwater monitoring performed during the
fourth calendar quarter of 1996 as part of the environmental monitoring program (EMP) for the
U.S. Department of Energy's Innovative Clean Coal Technology project entitled “Demonstration
of Innovative Applications of Technology for the CT-121 FGD Process.” This demonstration
project was conducted at Georgia Power Company's Plant Yates Unit 1, located near Newnan,
Georgia. With the completion of the fourth quarter 1996 groundwater monitoring, all EMP
monitoring has now been completed.

1.1  Project Summary

The purpose of this ICCT project was to demonstrate the use of the Chiyoda
Thoroughbred-121 flue gas desulfurization process as a means of reducing SO, and particulate
emissions from pulverized-coal utility boilers that use medium-sulfur coal. This project was also
designed to demonstrate the lower cost and higher reliability of the CT-121 process compared to

conventional wet limestone FGD processes.

The demonstration project at Plant Yates consisted of four distinct test periods:

» Period 0: Site Preparation, Construction, and Startup of the Demonstration
Project (including background groundwater monitoring [29 months]);

> Period 1: Baseline Testing at Low Particulate Loading—ESP In Service (12
months);

> Period 2: Testing at High Particulate Loading—ESP Detuned or Out of Service
(12 months); and

> Period 3: Post Demonstration Groundwater Testing and Gypsum Byproduct
Evaluation.

Period 2 ended in December 1994. Groundwater monitoring was initiated in Period 0 and
continued through 24 months of Period 3; the last round of groundwater monitoring under the
EMP was completed during the fourth guarter of 1996.



1.2 Purpose and Scope of Groundwater Monitoring

The CT-121 process produces gypsum, which is being disposed of in an on-site stacking
area where the solids are concentrated as they are allowed to settle, dewater, and dry. The
gypsum and gypsum/fly ash stacking area is lined with a synthetic liner to minimize the potential
for adverse impacts on the groundwater. Requirements for the liner, leachate collection system,
and groundwater monitoring are specified in the permit issued by the Georgia Department of
Natural Resources (DNR). One requirement is the regular monitoring of groundwater before,
during, and for two years after the demonstration program. The purpose of this monitoring is to
demonstrate that the gypsum stacking area can be operated in an environmentally benign and

acceptable manner.

In 1990, five groundwater monitoring wells were installed in the vicinity of the proposed
gypsum stacking area. These wells were used to monitor baseline groundwater quality prior to
construction of the stacking area. Monitoring was conducted every two months from September
1990 through July 1991. Table 1 is a summary of the parameters that were monitored during this
period. The results of this monitoring activity were summarized in the report “Environmental
Monitoring Program Report of Preconstruction Monitoring: 1990-1991 Background Water

Quality.”

Following the preconstruction monitoring period, and as a DNR permit requirement, two
additional monitoring wells were installed in 1992. The locations of all seven monitoring wells
are shown in Figure 1. Because of a delay in the commencement of Phase 1 testing, an additional
round of pre-operational groundwater monitoring was conducted on September 3-4 and October
14, 1992. The results from this monitoring effort were presented in the report “Interim Data
Report of Pre-operational Groundwater Monitoring: September 3-4 and October 14, 1992.”

Operational-phase groundwater monitoring, performed on a quarterly basis, was initiated
in the fourth quarter of 1992. Monitoring was conducted for the suite of parameters shown in
Table 1. Samples were analyzed each quarter for all parameters shown except for radionuclides,

which are monitored semiannually.

Beginning in the second quarter of 1994, monitoring was also performed quarterly for
total organic halides (TOX) and annually for volatile organic compounds (VOCs). These



Table 1. EMP Groundwater Monitoring Parameters

pH Conductivity Temperature
Eh Alkalinity Total Dissolved Solids
Bromide Chloride Total Organic Carbon
Fluoride Nitrate-Nitrite Sulfate

Trace Elements (Dissolved)
Silver Aluminum Arsenic
Boron Barium Beryllium
Bismuth Calcium Cadmium
Cobalt Copper Chromium
Mercury Iron Potassium
Lithium Magnesium Manganese
Molybdenum Sodium Nickel
Phosphorus Lead Sulfur
Antimony Selenium Silicon
Tin Strontium Tellurium
Titanium Thallium Uranium
Vanadium Tungsten Zinc

Other

Radionuclides
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parameters were added to comply with requirements of the permit issued by the Environmental

Protection Division of the Georgia DNR.

The post-demonstration groundwater monitoring period began in the first quarter of 1995
and was conducted over a period of two years (i.e., until the fourth quarter of 1996) for the same

parameters and at the same frequency as during the operational phase.

1.3 Report Contents

This report presents the results of quarterly post-demonstration groundwater monitoring
for the fourth calendar quarter of 1996. The groundwater monitoring wells were sampled on
November 22-23. 1996.

Section 2 is a brief summary of the groundwater sampling and analytical methods used to
conduct the monitoring. The results of the monitoring are presented in Section 3. Results of
quality assurance/quality control (QA/QC) activities associated with sample analyses are
summarized in Section 4. Tables of historical trends for selected parameters and the results for
field and laboratory duplicates are given in the appendices. Note that the results of metals

analyses were not available at the time this report was prepared.
2.0 Sampling and Analytical Methods

This section describes the methods used to obtain and analyze groundwater samples.
These methods were specified in Radian's “Test Plan for Groundwater Monitoring Around the
Plant Yates Gypsum Stacking Area,” August 30, 1990, as amended. .

2.1 Sampling Methods
The QED Well Wizard dedicated sampling system was used to purge the monitoring
wells and collect samples. The Well Wizard system utilizes a dedicated Teflon® bladder pump

and portable gasoline-powered air compressor to extract groundwater samples.

To ensure the collection of a representative sample, standing water was removed from
each well by purging a minimum of three wetted casing volumes. Conductivity, pH, redox
potential, and temperature were monitored and recorded on field sampling forms during purging.
Samples were collected after these indicator parameters stabilized and (1) after at least three



wetted casing volumes of water were removed or (2) immediately following recovery if a well

was purged dry.

Table 2 summarizes the groundwater samples collected during this monitoring period.
Samples were obtained from the upgradient well (GWA-1) and five of the six downgradient
wells (GWC-1, GWC-2, GWC-3, GWC-4, and GWC-5). As has been the case during all
previous rounds of monitoring, no samples were collected from side-gradient well GWC-6 since

this well was dry. Duplicate samples were collected from well GWC-4,

To preserve the integrity of the groundwater samples before analyses, proper sample
container, preservation, holding time duration, shipment, and chain-of-custody procedures were
followed. Sample bottles, preservation methods, and maximum holding times are summarized in
Table 3.

2.2 Analytical Procedures
The analytical methods used in this program are listed in Table 4. There were no
deviations from these methods during this quarter’s monitoring.

3.0 Summary of Results

The results of the fourth-quarter 1996 groundwater monitoring are presented in Table 5.
Results are not included for metals since analytical data had not been received by the time this

report was prepared.

To help determine whether the material in the gypsum stacking area is having an impact
on groundwater quality, the monitoring data for a selected number of representative species from
all of the monitoring rounds conducted to date were tabulated and examined. The representative
species selected are those present in appreciable concentrations in the gypsum slurry, including
the major cations and anions (i.e., calcium, magnesium, chloride, and sulfate), as well as several
other indicator parameters such as pH, TDS, conductivity, and alkalinity. The complete set of
historical data for these species is provided in Appendix A. Examples of concentration-versus-
time plots for several species are provided in Figures 2 through 4. Data are presented for the
upgradient well, GWA-1, and two downgradient wells, GWC-2 and GWC-4. The locations of
these wells were shown previously in Figure 1. As has been the case since monitoring began,
samples could not be obtained from downgradient well GWC-6 because the well was dry.

6



Table 2. Summary of Groundwater Samples Collected
at Plant Yates on November 22-23, 1996

Well ID Sample ID Analyses

GWA-1 GWA-1-24-1 Anions, TOC, TOX, and Metals

GWC-1 GWC(C-1-24-1 Anions, TOC, TOX, and Metals

GWC-2 GWC-2-24-1 Anions, TOC, TOX, and Metals

GWC-3 GWC-3-24-1 Anions, TOC, TOX, and Metals

GWC-4 GW(C-4-24-1 Anions, TOC, TOX, and Metals

GWC(C-4-24-2 Dupilicate for Anions, TOC, TOX, and Metals

GWC-5 GWC-5-24-1 Anions, TOC, TOX, and Metals

GWC-6 None Well dry; no samples collected
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Table 4. Analytical Methods

Parameter Technique T Reference
pH Potentiometry EPA 150.1
Conductivity Specific Conductance EPA 120.1
Temperature Temperature Probe EPA 170.1
Eh Electrometry ASTM D1498
Alkalinity Titrimetric or Colorimetric EPA 310.1 or 310.2
Bromide lon Chromatography EPA 360
Chloride lon Chromatography EPA 300
Total Organic Carbon Combustion/[R EPA 4135.1

TOX

Carbon Adsorption/Combustion/
Electrolytic Titration

SW-846 Method 9020A

VOCs GC/MS SW-846 Method 8260
Fluoride SIE EPA 340.2
Nitrate/Nitrite Colorimetry EPA 353.1

Sulfate Ton Chromatography EPA 300

Total Dissolved Solids Filtration/Evaporation/Gravimetry EPA 160.2

Mercury On-site Filtration/Cold Vapor AA EPA 245.1

Trace Elements

On-site Filiration/AA and ICP-AES

EPA 200.7, 7421 (Cr), 7060
(As}), 7421 (Pb), 7041 (Sb), 7740
(Se), and 7841 (TI)

Radium 226 and 228 Proportional Counter ASTM D2460
Gross Alpha Proportional Counter ASTM D1943
Gross Beta Proportional Counter ASTM DI1890
Gross Gamma Gamma Ray Spectrometer ASTM D2459

Legend:

AA = Atomic absorption spectrophotometry

SIE= Specific ion electrode

ICP-AES = Inductively coupled plasma-atomic emission spectrometry

IR = Infrared dgetection

GC/MS = Gas chromatography/mass spectroscopy

References:

EPA “Methods for Chemical Analysis of Water and Wastes,” EPA-600/4-79-020, revised March 1983.
ASTM = American Society for Testing and Material, Annual Book of ASTM Standards.
SW-846 “Test Methods for Evaluating Solid Waste,” SW-846, 3rd Ed., November 1386.
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The concentration of chloride in the water from downgradient well GWC-4 was slightly
higher than that found during the previous quarter’s monitoring. Because the results of metals
analyses were not available at the time this report was prepared, no comparisons can be made for
calcium and magnesium. A generally upward trend in the concentrations of these gypsum
constituents was first noticed in the fourth quarter of 1993. There have been no significant
increases in the levels of these species in either the upgradient well or the other downgradient

wells.

The source(s) of the higher levels of gypsum constituents in well GWC-4 is (are) not
clearly apparent. However, there are several potential sources, and three of the more plausible are
briefly described below:

> A breach of the dike surrounding the gypsum pond occurred on July 24, 1993.
This breach happened in the vicinity of well GWC-4. Since the increase in the
levels of chloride, magnesium, and calcium in GWC-4 was first noticed in the
fourth quarter of 1993, it scemed likely that the increase was the result of the dike
breach. The validity of this assumption appeared to be reinforced in the first
quarter of 1995, when the levels of the three species declined in GWC-4. Such a
decline would be expected as the amount of spilled material remaining in the soil
diminished due to gradual downward migration in the soil. However, no further
decrease in the GWC-4 concentrations occurred over the following three quarters
of 1995. In fact, further increases in the levels of magnesium and calcium have
been noted in the first three quarters of 1996, although the increases appear to
have stabilized in the latter two quarters. The chloride levels in GWC-4 have also
stabilized in the last three quarters of 1996. Although this behavior could still be
due to the 1993 breach (e.g., due to changes in rainfall patterns and/or acidity of
the rain could cause higher migration rates and/or increased leaching of the soil),
other factors could be contributing to or causing higher levels of gypsum
constituents in the groundwater in the vicinity of GWC-4,

> The groundwater sampling team has noticed that there appear to have been
periodic leaks from a slurry pump and associated valves and fittings that are in
close proximity (i.e., within 30-40 feet) to GWC-4. Slurry has periodically leaked
onto the ground and flowed across the soil surface to form small pools within 10-
15 feet of GWC-4. This material could be the source of at least some of the
observed increases in chloride, magnesium, and calcium concentrations.

> The possibility that the increased levels of the gypsum slurry constituents in

GWC-4 could be caused by a leak in the liner under the gypsum stacking area
cannot be discounted. There is no indication of leakage in the monitoring results
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from the other wells, but this does not preclude the presence of a liner leak at a
location immediately upgradient from GWC-4.

At this time, it is not possible to determine which, if any, of the possible causes described

above is contributing the bulk of the chloride, etc., being seen in GWC-4. Some clarification may

be forthcoming as more results of the continuing groundwater monitoring activities become

4.0 Summary of QA/QC Activities

A number of QA/QC activities are being performed, as specified in the project's EMP, to

assure that the data obtained meet project objectives. These include the following;

Groundwater samples were split for independent analysis by a laboratory selected
by SCS.

Established sampling and analytical methods were specified and used. All
samples were analyzed within the specified holding times, as outlined in Section
2. There were no deviations from the specified methods during this quarter's
monitoring effort.

Chain-of-custody procedures established in the test plan for this project were
observed.

In the laboratory, method blanks, control samples, and matrix spikes were
analyzed in conjunction with the sample analyses, following recognized good
laboratory practice. Specified recovery limits (typically 80 to 120%) were met for
all analytes in the laboratory control samples and matrix spikes.

Duplicate samples were obtained in the field and analyzed for all parameters.
Replicate analyses were performed for a smaller number of parameters.

The results of the analysis of field and laboratory duplicates are summarized in Table 6

for those parameters measured above the detection limit in at least one sample. Complete results

are provided in Appendix B. Results are not shown for metals since the sample analyses were not

available at the time this report was prepared. Differences in the duplicate analyses results were

small (i.e., less than 10-20%) for all species except TOC. For TOC, the measured concentrations
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were near the detection limit, where less accurate results can be expected. The results of the

duplicate analyses performed for TDS were within specified quality limits.

Table 6. Results for Duplicate Samples—Fourth Quarter 1996

Field Duplicate
Sample Duplicate Analysis Spec.

Parameter Units |GWC-4-24-1 | GW(C-4-24-2 | % Diff.* |[GWC-4-24-21¢4, RPD ® | Limit
Total Dissolved Solids | mg/L 233¢ 225¢ -34 236°¢ 4.8 15
[Bromide mg/L 0.92 0.93 1.1
thloride mg/L (17 114 -2.6
[Fluoride mg/L 0.0296¢ 0.0298¢ 0.7
Sulfate mg/L 428 4.42 33
fINitrate-Nitrite as N mg/L 2.12¢ 1.98¢ -6.6
Total Organic Carbon mg/L 0.897° 0.462°¢ ~48.5
[Total Organic Halides _ug/L <20.9 22¢ NC

*% Difference = (GWC-4-24-2 - GW(C-4-24-1)/GWC-4-24-1 x 100%.

®RPD = Relative Percent Difference, defined as follows:

RPD = _(Larger Value - Smaller Value) x 100%,

(Larger Value + Smaller Value)/2

¢ Detected in the method blank.

“Value is less than five times the detection limit; results are expected to be less accurate as concentrations approach

the detection limit.

NC = Not computed.
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Appendix A

Historical Monitoring Data for Selected Parameters



Table A-1. Historical Monitoring Data for Selected Parameters

Baseline Monitoring

Round 1 Round 2 Round 3 Round 4 Round § Round 6 Round 7 Round 8
Parameter 6 Sep 90 2 Nov 50 8-9 Jan 91 11 Mar 91 8 May 91 1-2 Jul 91 3-4 8Sep 92 | 29-30 Dec 92
Well: GWA-1 (Formerly CW-1)
pH 586 6.27 56 67 6.05 594 6.4 5.7
Conductivity 98 114 12 121 104 85 116 101
Alkalinity 15.6 223 258 271 25 16.4 354 22.7
TDS 94 87 86 &4 494 77 99 119
Chloride 7.3 74 59 4.6 ig 82 1.9 2.1
Sulfate 4.5 8.5 85 11 17 3.7 17 26
Calcium 6.2 7.6 77 7 7.5 5.3 19 g1
Magnesium 3.4 49 48 4.6 5.1 35 5.6 6.0
Sodium 42 4.8 49 43 4.4 38 4.1 4.2
Silicon 9.8 1 14 16 17 9.6 15 17
Round 9 Round 10 Round 11 Round 12 Round 13 Round 14 Round 15 Round 16
Parameter | 30-31 Mar 93 | 21 Jun 93 | 23-24 Sep 93 SJan94 [22-23Mar94] 21-22 Jun 94 | 31 Aug 94 | 20-21 Dec 94
Well: GWA-1 (Formerly CW-1} (Continued) )
pH 6.82 6.1 59 NS NS NS NS NS
Conductivity 128 100 1o NS NS NS NS NS
Alkalinity 28 27 248 NS NS NS NS NS
TDS 110 I16 99 NS NS NS NS NS
Chlotide 2.1 2.1 1.9 NS NS NS NS NS
Sulfate 30 20 28 NS NS NS NS NS
Calcium 4.1 8.0 83 NS NS NS NS NS
Magnesium 29 58 59 NS NS NS NS NS
Sodium 4.0 44 43 NS NS NS NS NS
Silicon 11 18 17 NS NS NS NS NS
Round 17 Round I8 Round 19 Round 20 Round 21 Round 22 Round 13 Round 24
Parameter | 28-29 Mar 95 [13-14 Jun 35| 11-12 Sep 95 |12-13 Dec 95] 18-19 Mar 96| 20-21 Jun 96 | 13-14 Sep 96 | 22-23 Nov 96
Well: GWA-[FT:rmerly CW-1} (Continued) B
pH NS 6.31 6.38 6.08 NM 6.14 6.54 570
Conductivity NS 116 165 118 NM 116 58 93
| Alkalinity NS 28.6 23 NM NM NM 278 308
TDS NS 108 114 93 113 105 38 102
Chloride NS 2.10 227 1.94 226 33 365 3.02
Sulfate NS i8.3 244 30.8 2.7 12 9.34 14.2
Calcium NS 6.98 847 9.21 10.4 8.03 7.46 NA
Magnesium NS 5.47 6.30 6,51 6.87 516 4,80 NA
Sodium NS 4.29 4.53 3.50 4.65 4.34 4.16 NA
[[Silicon NS 16.6 17.6 13.2 14.3 16.8 16.2 NA




Round I
Parameter 6 Sep 90

Well: GWC-1 (Formerly CW-2

pH 6.09
Conductivity 81
Alkalinity 217
TDS 81

{hlaride 14



Table A-1 (Continued)

Baseline Monitoring
Round 1 Round 2 Round 3 Round 4 Round 5 Round 6 Round 7 Round 8
Parameter 6 Sep 90 2 Nov 90 8-9 Jan 91 11 Mar 91 8 May 91 1-2 Jul 91 3-4 Sep 92 | 29-30 Dec 92
Weli: GW(-2 (Formerly CW-3)
pH 564 5.6 5.04 55 497 5.65 5.5 4.6
Conductivity 76 69 64 66 3 n 66 56
Alkalinity 23.5 19.3 152 16,9 12.2 17.5 18.2 17.3
TDS 76 30 55 55 63 65 79 7
Chloride 43 5.2 6.9 6.2 5 53 30 3.4
Sulfate 6.4 55 6.3 59 58 6.3 6.5 1.6
Calcium 44 28 23 2 2 1.7 1.4 1.6
Magnesium 1.6 1.5 1.6 1.7 1.8 1.9 1.9 2.1
Sodium 7.3 74 6.9 7 7.5 76 7.5 74
Silicon 0 10 93 12 11 11 11 13
Round 9 Round 10 Round 11 Round 12 Round 13 Round 14 Round 1§ Round 16
Parameter | 30-31 Mar 93 | 21 Jun93 | 23-24 Sep 93 SJan 94 [22-23 Mar 941 21-22 Jun 94 | 31 Aug 94 | 20-21 Dec 94
Well: GWC-2 (Formerly CW-3) (Continued}
pH 5.29 54 5.6 575 35 372 5.63 534
Conductivity 67 56 49 53 57 59 60 66
Alkalinity 12.5 14.1 15.9 15.7 14 16.2 7.0 6.9
TDS 68 77 &0 27 76 58 60 65
Chloride 4.0 45 35 38 i3 379 392 4.00
Sulfate 79 1.5 1.7 5.78 597 595 6.73 5.78
Calcium 1.7 1.6 1.2 20 2.19 205 211 1.89
iMagnesium 2.1 1.9 20 1.8 1.92 1.93 2.03 1.87
Sodium 7.5 6.7 6.8 7.0 7.15 7.09 T.17 6.96
Silicon 12.0 I 13 129 133 13.0 129 12.2
Round 17 Round 18 Round 1"7 Round 20 Round 21 | Round 22 Round 23 Round 24
Parameter | 28-29 Mar 95 |13-14 Jun 95| 11-12 Sep 95 | 12-13 Dec 95| 18-19 Mar 96§ 20-21 Jun 96 | 13-14 Sep 96 | 22-23 Nov 96
Well: GWC-2 (Formerly CW-3) (Continued)
pH 5.53 539 5.4 5.45 5.79 5.48 5.50 547
l Conductivity 65 63 67.5 67 66 59 62 58
Alkalinity 133 14.5 13.5 13.0 NM 15 174 16.4
TDS 63 64 54 53 69 13 82 68
Chloride 3.8l 397 383 3.91 379 393 4.04 435
Sulfate 498 4133 390 3.68 41} 4.52 3.66 4.04
Calcium 2.23 2.08 2.16 241 2.37 246 2.70 NA
Magnesium 1.88 1.92 1.88 1.96 1.92 1.98 1.96 NA
Sodium 6.79 6.85 6.94 71 7.04 6.6 7.16 NA
Silicon 12.2 13.4 13.5 12.9 13.7 13.4 13.8 NA




Table A-1 (Continued)

Baseline Monitoring

Round 1 Round 2 Round 3 Round 4 Round § Round 6 Round 7 Round 8
Parameter 6 Sep 90 2 Nov 90 8-9 Jan 91 11 Mar 91 8 May 91 1-2 Jul 91 3-4 Sep 92 ] 29-30 Dec 92
Well: GWC-3 (Formerly CW-4)
pH 54 515 48 4.73 619 5.08 525 38
Conductivity 40 35 30 34 32 35 32 27
Alkalinity 11.5 15.2 99 1] 7 11.1 100 39
TDS 50 35 31 34 39 4] 28 37
Chloride 3 2.8 32 34 3.1 3.1 20 23
Sulfate 26 2.1 <0.05 <(.05 0% 1.5 1.7 26
Calcium ! <10 <].0 <10 <1.0 <LO <LO <Lg
Magnesium | <1.0 <1.0 <10 <1.0 <1.0 <1.0 <i.0
Soditm 4.4 4.5 43 4.1 4.6 43 4.1 4.0
Silicon & 7.8 ERY 85 8.6 83 83 93
Round 9 Round 16 Round 11 Round {2 Round 13 Round 14 Round 1§ Round 16
Parameter | 30-31 Mar93 | 21 Jun 93 23-24 Sep 93 SJan94 | 22-23 Mar 94| 2122 Jun 94 ] 31 Aug 94 ) 20-21 Dec 94
Well: GWC-3 (Formerly CW-4)
pH 523 5.2 53 5.5 5.18 543 5.41 5.06
Conductivity 33 27 27 22 28 29 30 36
Alkalinity 7.0 85 9.1 93 75 85 77 48
TDS 44 52 21 <87 42 36 39 30
Chloride 27 29 28 28 277 2.7 291 kX172
Sulfate 1.6 <25 <2.5 <0.06 1.38 .52 <0.047} 1.01
Calcium <1.0 <1.0 <1.0 <1i.0 0.392 0321 0328 0.335
Magnesium <1.0 <1.0 <1.0 <1.0 0.962 0.935 j.oo 1.02
Sodium 4.1 39 ER 4.1 435 4.14 4.17 434
Silicon 9.0 87 92 9.7 10.1 9.16 9.15 894
Round 17 Round 18 Round 19 Round 20 Round 21 Round 22= Round 23 Round 24
Parameter | 28-29 Mar 95 [13-14 Jun 95| 11.12 Sep 95 [12-13 Dec 95] 18-19 Mar 96 | 20-21 Jun 96 | 13-14 Sep 96 | 22-23 Nov 9§
Well: GWC-3 (Formerly CW.-4)
pH 5.10 5.10 5.02 5.27 525 5.08 5.19 506
{|Conductivity 36 37 43 39 42 41 38 35
Alkalinity 8.6 8.5 9.0 9.1 74 92 9.7 1.0
TDS 44 52 37 36 49 49 56 61
Chloride 3.15 313 3.64 3.52 346 3.83 431 4.49
Sulfate <0.0471 0.968 0.595 0.233 <0.0491 0.192 1.49 1.27
Calcium 0.441 0.314 0.389 0.436 0.361 0.433 0.505 NA
Magnesium 1.10 1.08 1.21 1.26 1.11 1.32 1.41 NA
Sodium 4.39 4.47 4.83 5.14 5.14 4.89 536 NA
Silicon 8.97 8.90 9.94 5.18 2.48 9.63 10.1 NA |




Table A-1 (Continued)

Baseline Monitoring

Round 1 Round 2 Round 3 Round 4 Round § Round 6 Round 7 Round §
Parameter 6 Sep 90 2 Nov 90 8-9 Jan 91 11 Mar 91 8 May 91 1-2 Jul 91 3-4 Sep 92 | 29-30 Dec 92
Well: GWC-4 (Formerly CW-5)
pH 5.34 497 48 4.6 5.03 54 5.08 3.9
Conductivity 62 62 66 72 54 70 72 58
Alkalinity 12.5 153 13.1 15.1 8.6 14.2 1.5 8.0
DS 61 52 60 51 58 64 61 65
Chloride 5 42 5 56 45 52 3.1 34
Sulfate 22 4.6 8 6.8 7.1 58 53 55
Calcium 1.3 <1.0 <1.0 1.3 1.6 1.2 <1.0 <1.0
Magnesium 25 25 31 KX 39 37 33 32
Sodium 54 5.8 5.3 51 5 5.2 4.8 49
Silicon 9.9 9.1 4.7 9.7 92 10 86 9.5
Round 9 Round 10 Round 11 Round 12 Round 13 Round 14 Round 5 Round 16
Parameter | 30-31 Mar 93 | 21 Jun 93 | 23-24 Sep 93 SJan94 [22-23Mar94] 21-22Jun 94 | 31 Aug 94 | 20-21 Dec 94
Well: GWC-4 (Formerly CW-5) (Continued)
pH 5.04 52 52 5.2 498 52 510 492
Conductivity 64 52 54 63 72 81 108 188
Alkalinity 6.0 6.9 7.0 9.2 50 10.3 50 38
TDS 63 55 44 20 64 75 93 110
Chloride 36 36 38 6.7 113 13.5 208 39.7
Suifate 5.0 59 49 44 4.64 450 483 434
Calcivm 1.0 <10 <i.0 1.3 1.81 1.62 273 4.04
Magnesium 32 27 29 37 5.05 498 732 1.0
Sodium 4.7 4.4 44 5.0 5.33 4.87 5.80 7.86
Silicon 8.7 83 9.3 9.8 9.91 9.18 9.91 10.1
Round 17 Round 18 Round 1% Round 20 Round 21 Round 22 Round 23 Round 24
Parameter | 28-29 Mar 95 [13-14 Jun 95| 11-12 Sep 95 |12-13 Dec 95] 18-19 Mar 96| 20-21 Jun 96 | 13-14 Sep 96 | 22-23 Nov 96|
Well: GWC-4 (Formerly CW-5) (Continued)
pH 5.10 498 479 4,89 498 471 494 4.48
Conductivity 163 148 180 196 288 412 330 368
Alkalinity 9.0 4.6 4.5 42 56 6.9 6.8 0
TDS 113 132 123 107 175 266 229 233
Chloride 34.1 391 375 40.5 66 106 95.5 117
Sulfate 418 391 303 32§ 4.18 4.33 K31 4.28
Calcium 321 3.89 3.03 3.99 7.10 19.5 10.6 NA
Magnesium 10.2 12.5 10.0 12.6 19.1 302 29.0 NA
Sodium 7.63 .61 842 8.00 2.36 995 9.64 NA
Silicon 9.36 10.0 10.4 11.4 10.8 10.3 11.1 NA




Table A-1 (Continued)

Baseline Monitoring
Round 1 Round 2 Round 3 Round 4 Round § Round 6 Round 7 Round 8
Parameter 6 Sep 90 2 Nov 90 B-9 Jan 9] 11 Mar 91 8 May 91 1-2 Jul 93 3-4 Sep 92 | 29-30 Dec 92
Well: GWC-5S
| 5.6 44
Conductivity 61 60
Alkalinity 14,8 3.5
TDS a1 86
Chloride i.8 26
Sulfate 8.8 10
Calcium 21 27
Magnesium 1.9 23
Sodiumnt 6.0 6.2
Silicon 12 14
Round 9 Round 10 Round 11 Round 12 Round 13 Round 14 Round 15 Round 16
Parameter | 30-31 Mar 93 | 21 Jun 93 | 23-24 Sep 93 SJan94 | 22-23 Mar:‘)_ti 21-22Jun 94| 3 @Eﬂ 20-21 Dec 94
Well: GWC-5 (Continued)
ljpH 6.13 54 56 7.0 538 5.42 5.53 5.57
Conductivity 54 4] 40 39 43 45 43 47
Alkalinity 12.5 10.2 1.5 i0.8 86 0.8 3.6 itz
TDS 67 56 50 29 53 61 61 45
Chioride 2.7 29 25 26 234 2.48 2,67 2.70
Sulfate 74 6.7 55 53 6.56 7.65 6.68 575
Calcium 22 1.6 14 13 1.65 1.38 1.26 1.20
Magnesium 1.8 .5 1.4 1.3 1.6 1.55 1.46 1.32
Sodium 5.7 55 52 55 574 5.77 5.38 543
Silicon 13 12 12 114 11.8 113 10.5 10.3
Round 17 Round 18 Round 19 Round 20 Round 2} Rowund 22 Rownd 23 Round 24
Parameter | 28-29 Mar 95 [13-14 Jun 95; 11-12 Sep 95 |12-13 Dec 95] 18-19 Mar 96§ 20-21 Jun 96 | 13-14 Sep 96 | 22-23 Nov 96
'Well: GWC-5 (Continued)
pH 5.52 5.60 5.20 528 5.54 524 539 5.23
Conductivity 50 52 60 53 67 64 64 47
Alkalinity 95 335 11.0 9.1 47 10.6 10.1 11.8
TDS 10) 64 64 45 72 76 66 61
Chloride 2,54 262 270 293 2.78 298 3.00 2.92
Sulfate 6.45 6.64 6.80 7.20 133 9.87 7.82 847
Calcium 1.51 131 1.48 1.97 2.28 1.96 1.90 NA
Magnesium 1.59 1.73 1.78 6.02 2.65 236 2.06 NA
Sodium 534 5.54 6.12 5.82 6.43 582 5.96 NA
Silicon 10.3 H.1 11.5 16.2 1.3 11.3 111 NA
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Table B-1. Results for Duplicate Samples—Fourth Quarter 1996
Field " Duplicate
Sample Duplicate Analysis Spec.
Parameter Units |GWC-4-24-1 | GWC-4-24-2 | % Diff.* JGWC-4-24-2 |% RPD" | Limit

Total Dissolved Solids mg/L 233° 225¢ -3.4 236° 2.2 15
Bromide mg/L 0.92 0.93 I.1

Chloride mg/L 117 114 2.6

Fluoride mg/L 0.0296°¢ 0.0298°¢ 6.7

Sulfate mg/L. 4.28 4.42 3.3

Nitrate-Nitrite as N mg/L 2.12°¢ 1.98¢ -6.6

Total Organic Carbon mg/L 0.897°¢ 0.462°¢ -48.5

Total Organic Halides ug/L <20.9 22¢ NC

Silver mg/L 0.0013 ¢ 0.0011° -15.4

Aluminum mg/L 0.0666° 0.0588° -11.7

Antimony mg/L <0.0042 <0.0042 NC

Arsenic mg/L <0.0027 <0.0027 NC

Boron mg/L 1.77 1.85 4.5

Barium mg/L 0.0643 0.0653 0.8

Beryllium mg/L 0.001 0.001 0.0

Calcium mg/L 11.1 11.3 1.8

Cadmium mg/L <0.0002 <0.0002 NC

Cobalt mg/L 0.0044°¢ 0.0045° 23

Copper mg/L 0.00057 0.00066 I5.8

Chromium mg/L 0.0017° 0.0018¢ 59

Mercury mg/L 0.00005 ¢ 0.00005¢ 0.0

Iron mg/L 0.0203 ¢ 0.0255°¢ 25.6

Potassium mg/L 0.644 0.643 -0.2

Magniesium mg/L 30.8 31.3 1.6

Manganese mg/L 0.583 0.593 1.7

Molybdenum mg/L <0.0038 <0.0038 NC

Sodium mg/L 10.1 10.0 -1.0

Nickel mg/L <0.0010 0.0018° NC

Lead mg/L <0.0011 <0.0011 NC

Seleninm mg/L <0.0026 <0.0026 NC

Silicon mg/L 1.7 1.6 -0.9

Tin mg/L, <0.0173 <0.0173 NC
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Table B-1 (Continued)

Field Duplicate

Sample Duplicate Analysis Spec.

Parameter Units | GWC-4-24-1 | GWC-4-24-2 | % Diff.* | GWC-4-24-2 |% RPD" | Limit
Strontium mg/L 0.0892 0.0905 1.5
Titanium mg/L 0.0018¢ <0.0014 NC
Thallium mg/L <0.0032 <0.0032 NC
Vanadium mg/L <0.00060 <0,00060 NC
Zinc mg/L 0.007 0.003 -57.1

*% Difference = (GWC-4-24-2 - GW(-4-24-1YGWC-4-24-1 x 100%.
"RPD = Relative Percent Difference, defined as follows:

RPD = _(Larger Value - Smaller Value) x 100%.
{Larger Value + Smaller Value)/2

¢ Detected in the method blank.,

Value is less than five times the detection limit; results are expected to be less accurate as concentrations approach
the detection limit.

NC = Not computed.
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